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rg'lz’l';erT)rought Code Component of the
Canadian Forest Fire Behavior System

by J. A. Turner
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Flow chart ofispring Drought Code (DC) starting
value determination

Fall DC value and date of last calculation

Keep record of cumulative precipitation amount for the
period between date of last DC calculation the previous
fall and spring starting date of calculations

Select values for Carry-over Fraction of Fall Moisture
and Precipitation Effectiveness Fraction.

Determine spring DC starting value based on fall DC,
Total Overwinter Precipitation (mm water equivalent)
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KBDI Interpretation Guidelines

KeercH-Byram DrouGHT INDEX REVISITED:
PrescriBeD FIRE APPLICATIONS

Mike Melton

n volume 50, number 4, of Fire

Management Notes, | contributed

an article about the Keetch-
Byram Drought Index (K-BDI), its
relationship to fire suppression,
and the problems that could be ex-
pected with suppression efforts at
different levels of drought as mea-
sured by the index. Since that
time, it has received many inquir-
ies and comments appreciative of
the practical information con-
tained in the article. It has also
been used as a training tool in a
variety of fire management classes.
I also learned that some wildland
fire managers, especially in the
Southeastern United States, have
used the information found in the
original article and applied it to
prescribed burning. While the in-
formation contained in the origi-
nal article is applicable to
prescribed fire, there are some dif-
ferences. With prescribed fire prac-
titioners in mind, in this article I
have expanded and addressed the
K-BDI specifically from a pre-
scribed fire perspective.

Keetch-Byram Drought Index (K-
BDI) levels are calculated as part of
the 1988 revisions of the National
Fire-Danger Rating System
(NFDRS) (Burgan 1988). Since the
K-BDI calculations are simple,
they are often made and kept by in-
dividuals or field offices that do not
have access to NFDRS calculations
or are not near an office that does.

Mike Melton is a district ranger, USDA
Forest Service, Daniel Boone National
Forest, Stearns Ranger District, Whitley
City, KY.

Volume 56 * No. 4 » 1996

Drought indexes are
not designed to
measure fuel
moistures, rather they
indicate environmental
conditions that affect
fuel profiles.

To calculate the K-BDI values, us-
ers need a copy of the directions
found in the original documenta-
tion (Keetch and Byram 1968) and
a rain gauge. Then a simple math-
ematical process is necessary to de-
termine the K-BDI value on a daily
basis.

In the following discussions, I have
addressed the index and effects on
a drought scale difference of 200,
which corresponds to the loss of 2
inches (5 cm) of water from the
fuel and soil profile as the drought
progresses from one stage to the
next.

These following discussions are
based on the fact that the seasonal
variations in the index generally
follow the southern seasonal tem-
perature pattern. The index will be
low in the winter and spring, in-
crease during the summer and
early fall, and taper off again in
winter. In my conclusion, I discuss
some of the variations found when
the index departs from normal,
some things to be expected from
rising and falling indexes, and the
days-since-rain concept.

K-BDI Levels 0-200

Much of the understory prescribed
fire work in the South is done at
the 0 to 200 levels, which corre-
spond to the early spring dormant
season conditions following winter
rains. Soil moisture levels are
high, and fuel moistures in the
100- and 1,000-hour fuel classes
are sufficiently high, so these
larger fuel classes do not signifi-
cantly contribute to prescribed fire
intensity in most cases.

Fuel moistures in the 1- and 10-
hour classes will vary daily with
environmental conditions. On any
particular day, prescribed fires
should be planned based on the
predicted levels of moisture within
these two fuel classes in associa-
tion with weather conditions. Pre-
scribed fire planners should be
aware that areas with heavy load-
ings of these two smaller fuel
classes can exhibit intense behav-
ior resulting from the amount of
fuel to be consumed. Also, areas
that are influenced by slope and as-
pect can experience erratic and in-
tense fire behavior from the
preheating effects. Southern as-
pects can produce intense fire be-
havior while northern aspects of
the same unit may have difficulty
carrying the fire.

At the 0 to 200 levels, nearly all
soil organic matter, duff, and the
associated lower litter layers are
left intact. These layers, even
though they may not be soaking

Continued on page 8

The Keetch/Byram Drought Index: A Guide to
Fire Conditions and Suppression Problems

Mike Melton

District ranger, USDA Forest Service, Daniel Boone National
Forest, Stearns Ranger District, Whitley City, KY

The 1988 version of the National
Fire Danger Rating System (NFDRS)
has been completed and should be
operational by the first part of 1991.
The NFDRS has an important new
addition: The Keetch/Byram (K/B)
Drought Index calculations have been
added to the system. As a part of the
NFDRS, the K/B index will be the
most widely used drought index for
fire danger rating. Fire personnel will
need to know specifically the effect
of drought on both wildfire and pre-
scribed fire and the significance of
the index and its relationship to the
fire environment. This means fire
managers must understand the K/B
index system, be able to interpret the
data from the system, and apply that
knowledge to the local fire situation.

The K/B Index

John Keetch and George Byram
developed the K/B index at the
Southern Forest Fire Laboratory to
evaluate the effects of long-term
drying on litter and duff and subse-
quently, on fire activity (1968). The
index is based on a measurement of
8 inches (0.2 m), of available mois-
ture in the upper soil layers that can
be used by vegetation for evapo-
transpiration. The index measure is
in hundredths (0.01) of an inch of
water and has a range of 0 through
800, with 0 being saturated and 800
representing the worst drought condi-
tion. The index indicates deficit
inches of available water in the soil.
A K/B reading of 250 means there is
a deficit of 2.5 inches (6.4 cm) of
ground water available to the vegeta-
tion. As drought progresses, there is
more available fuel that can contrib-
ute to fire intensity.

Fire Behavior at Selected K/B
Levels

The following information is a
compilation of data and observations
fire managers and I have made from
field observations of both wild and
prescribed fire at numerous locations.
It is an attempt to qualify and quan-
tify in common terms the effect of
continued drought on forest fuels and
the problems arising from drought
conditions during the course of wild-
fire and prescribed burns. This
information should help fire practi-
tioners to more fully understand the
relationship between the K/B index
readings—which indicate the extent
of drought—and the fire
environment.

As a part of the NFDRS, the K/B
index will be the most widely used
drought index for fire danger
rating.

The effect of drought on fire
behavior will vary between fuel types
and topographic regions. Moun-
tainous hardwood fuels will react
differently than the Southern pine
fuels to drought and consequently
fire effects will also differ. Rain or
relative humidity and wind may also
require an adjustment to K/B level
interpretation. For instance, even if
the K/B level is extremely high, a
brief rain will temporarily render
fuels incapable of burning. Yet on
the other hand, the K/B index can be
low (<100) and high wind and low
relative humidities can create an
extreme situation in some fuel types.
The following descriptions of condi-

tions at various K/B levels is
primarily related to the Southern
Coastal Plain and Piedmont regions,
but these can be considered applica-
ble in many areas of the country.
Fire personnel should remember that
specific situations may be different
than those described and should use
this information to complement his or
her experiences at a particular
location.

K/B Levels 0-150. During this
stage of drought, the fuels and
ground are quite moist. Fine fuels
exhibit daily drying, burning readily
at times but also recovering to a high
moisture content at night. This level
is ideal for winter or spring pre-
scribed burns. Most fires are easily
suppressed with normal practices and
generally are not a problem. The
lower litter and humus layers are
moist and not affected by fire. Most
fires die out at night due to humidity
recovery and its dampening effect on
the fine fuels. Some fuel types
(grasses) burn actively, but seldom
create much problem with control
efforts. Generally, extensive mop-up
is not required, since most heavy
fuels (100 and 1000 h) are too wet
to ignite. Ignition of snags is not
normally a problem on wild or pre-
scribed fires. The spring fire season
can still generate some extremes in
behavior on wildfires due to the
nature of fine fuels, especially in fuel
types with a heavy loading of
grasses. Drying is generally limited
to the fine surface fuels and the
organic layers still retain sufficient
moisture to resist burning. This could
be considered the busi as-usual
period.

K/B Levels 150-300. Within this
range, scattered patches of surface

30
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Palmer. Drought Severity: Index: (PDSI)is linked to
the U.S. Wildland Eire Assessment System
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Popular Misconception
about Drought and Wildland Eire
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Drought can exacerbate the
wildland fire situation in a
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We shouldn’t
EXPECt fire-related
droughtiindiCes to
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KeetcH-BYRAM DRoOUGHT INDEX:
Can It HeLp PRrEDICT
WiLoLAnD FIRES?

Daniel W. Chan, James T. Paul, and Alan Dozier

he Georgia Forestry
-|- Commission uses the

Keetch-Byram Drought Index
(KBDI) (Keetch and Byram 1968)
to determine potential wildland fire
hazards. (For an overview of KBDI,

r.) The objectives of

our study were to better under-
stand the relationship between
KBEDI and fire activities in Georgia
and to evaluat DI computed
from National ‘Weather Service
(NWS) observational data compared
with KBDI computed from fire

Georgia’s typical fire season from 1957 to 2000
ran from February through April—when the
Keetch-Byram Drought Index was lowest.

Airport, Macon Regional Airport,
and Savannah International Airport
from 1957 t01995. From these data,
we con cted a fire-weather-type
observation for both 1 p.m. and
midnight. Then we used the data to
calculate a KBDI for the two
defined observation times.

Daily records for the 24-hour peri-
od ending at 1 p.m. and daily
records ending at midnight can
yield different maximum tempera-
ture and rainfall data for the previ-
ous 24-hour period. If a heavy rain
incident occurred after 1 p.m., the

weather observations.

What We Did
Traditionally, fire weather observa-
tions for rmining wildland fire
hazards are recorded at 1 p.m.
daily. This means that the maxi-
mum temperature recorded at this
time usuall during the pre-
vious day’s afternoon hours. Like-
the 24-hour precipitation
recorded is from 1 p.m. on the pre-
vious day until 1 p.m. on the pres-
ent day. By contrast, the NWS
reports maximum temperature and
24-hour precipitation for the 24-
hour period ending at midnight.

To compare NWS data to traditional

fire weather data, we used NWS
hourly data from Athens Municipal

KBDI numbers from 1 p.m. and

What is the Keech-Byram

Drought Index?

According to Melton (1989), the
Keetch-Byram Drought Index
(KBDI) is an index hased “on a
measurement of 8 inches (0.2 m)
of available moisture in the upper
soil layers that can be used by
vegetation for evapotranspiration.

The index measure is in hun-
dredths of an inch of water and
has a range of 0 to 800, with 0
being saturated and 800 repre-
senting the worst drought condi-
tion. The index indicates deficit
inches of available water in the
soil. A K/B reading of 250 means
there is a deficit of 2.5 inches
(6.4 cm) of ground water avail-
able to the vegetation. As drought
progresses, there is more avail-
able fuel that can contribute to
fire intensity.”

If a location has been dry during
the previous 24 hours, the KBDI
will increase, depending on the
maximum temperature in the
previous 24 hours, the previous
day’s index, and the annual rain-
fall amount at that location.
Generally, high temperature and
a low KBDI mean big increments.

When an area has received rain
during the previous 24 hours, the
index changes, depending on the
rain-adjusted KBDI—for each
0.01 inches (0.03 cm) of net rain-
fall, one point is subtracted from
the previous day’s index—the
maximum temperature, and
annual rainfall amount at that
location.
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Moisture content

Increasing with depth
under “normal”

conditions.
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Canadian Forest Eire Danger Rating System:
Analyses ofi Drought Effects on' Eire Potential

Drought: Bulldup: Eire Weather Head Eire
Code Index Index NOJS IntensIty,
(DE) (BUI) (EWIHE = (m/min) (KW/m)

0J0) 40 , L4

200 ¢ 28 1229 145789
00 60 29 116,45 1SR060
400 GZ 29 1187 ISREH 2
500 o 29 1165,9) 1124 5852
900 66 29 16,9 124 502
700 70 24 1250 124885
800 7 24 20 12,999

“Vary Hligh fire danger cliss in Aloaria (FW) 19-29),
Assumesi Fing Fusl Veisiurs Cocds (FREVIC) 89, Duii Melsiurs Cods (DVIC) 40, 1011 Qo)
Winel 20 mn/n, Lavel Terrain, cnd Sorszl Soruce Seznel in i July.
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Thougnt #4:

Retreospective LLook at: Major

U.S.D.A. Forest Service

Research Paper NC-34 AVHO
1969

Climatic Conditions Preceding
Historically Great Fires
in the
North Central Region

+«DONALD A. HAINES
* RODNEY W. SANDO

North Central Forest Experim
Forest Service
U.S. Department of Agric

Histo[ical Events

O-X-187
MARTIN E. ALEXANDER

CLIMATIC CONDITIONS BEFORE
AND DURING FOUR
SIGNIFICANT FOREST FIRE
SITUATIONS IN ONTARIO

B.J. STOCKS and J.D. WALKER
CANADIAN FORESTRY SERVICE

ONTARIO

Sioux Lookout
Fires (1961)

Garden Lake
& Dog Lake H
Fires (1930)

Chapleau
Mississagi
Fire (1948)
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1947 Eire Season - Portland, Maine
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Establishment of benchmark sites for the verification of overwinter
recharge of forest floor moisture in Alberta.

Precedents

Preliminary Report
Field verification of forest floor moisture contents on benchmark
sites in Alberta (May 2000)

June 30, 2000

June 30, 2000
Prepared for

Alberta Lands and Forest Service

Forest Protection Division

Great West Life Building Prepared for
9920 108™ Street

Edmonton, Alberta T5K 2M4 Alberta Land and Forest Service
Forest Protection Division
Great West Life Building

9920 108™ Street

Edmeonton. Alberta T5K 2M4

Prepared by

&

Ember Research Services Ltd. Prepared by - ’ :
4345 Northridge Crescent

Victoria, BC V8Z 4724

Ph (250) 213-2600 Fax (250) 881-1804
Contact: Brad Armitage

Email: ember@islandnet.com

Sirnilair worlk i ine
Yukor Territory

Ember Research Services Ltd.
4345 Northridge Crescent
Victoria, BC V8Z 4Z4

Ph (250) 213-2600 Fax (250) 881-1804
Contact: Brad Armitage

Email: ember@islandnet.com
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Such an initiative should be coordinated with NA-DM

a NCDC: Morth American Drought Monitor - Microsoft Internet Explorer

File Edit “iew Favorites Tools Help

‘HBack - = - @ at | QSEarch (3] Favorites @Media @ | %v =h -

Address Il& hitkpe e, nede. noaa, gov/oa) dimate/monitoring/ drought/nadm/
& NCDC / Climate Manitaring 7 NA-DM 7 Search 7 Help

North American Drought Monitor

National Clisnatic Datg Center
Asheville, North Carolisia

NA-DM Overview

NA-DM maps
NA DM maps (limited access)

ArcGIS Archive (limited access)

Drought Monitoring Indices and Data

Associated Links

&/ North American Drought Monitor Overview

The Morth America Drought Menitor (174 -DM) 15 a cooperative effort between drought experts in Canada,
Mezxico and the Tnited States to monitor drought across the continent on an ongeing basts. The program
was initiated at a three-day worlcshop i late April 2002 and 15 part of a larger effort to inprove the
monitoring of climate extremes on the continent. The MA-DW (Lawrimore et al. 2002) 13 based on the
highty successful 15 Drought Monitor (ITS-DI), and as such, 15 being developed to prowide an ongoing
comprehensive and imtegrated assessment of drought throughout all three countries.
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Thought #6:

Examine the Suitability, off Existing
Long-term BDreught Indices (or
ConstriuctiasNew @ne)ferGauging
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Possible Candidates:

» Percent off NermalPrecipitation

s Standardized Precipitation Index: (McKee et
al. 199s)
o Palmer Drought: Seventy Index (Palmernr 1965)
s SUiaceWaterSupply ndexs(Shaler &
DEZMANTO62)
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Theugnt #7:

Future Case Study.
DecUumentation
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THE END = THANK YOU
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